We constructed a complete cDNA clone of strain GDVII of Theiler's virus in Bluescript plasmid. This recombinant plasmid, called pTMGDVII, was used to synthesize full-length RNA (11, 13, 14) and were found to be more than 90% identical. At the amino acid level the polyproteins are 95% identical, and most of the differences are located in the P1 or capsid-coding region. Therefore, subtle differences may account for a dramatic change of phenotype. Mapping the regions responsible for neurovirulence and persistence will require the construction of recombinant genomes from infectious cDNA clones. In this article, we describe the construction of the first full-length cDNA clone of Theiler's virus. RNA transcripts of the cDNA were infectious when transfected into BHK-21 cells. The virus recovered after transfection caused acute fatal encephalomyelitis in mice. Capsid antigens were present in neurons and absent from white matter. Therefore, the phenotype of the virus obtained from the cDNA clone was indistinguishable from that of the genuine GDVII strain of Theiler's virus.
RNA extraction and purification. The GDVII strain of Theiler's virus was grown on BHK-21 cells in Dulbecco modified Eagle medium (DMEM). Viral RNA was extracted from CsCl-purified virions by proteinase K digestion and phenol-chloroform-sodium dodecyl sulfate extraction (3) . The RNA was ethanol precipitated, and its structural integrity was checked by methylmercuric hydroxide agarose gel electrophoresis. This RNA was infectious upon transfection into BHK-21 cells, as described below.
cDNA synthesis. Purified viral RNA (5 j,g) was denatured * Corresponding author.
at 80°C for 2 min and reverse transcribed at 42°C for 1 h with 60 U of reverse transcriptase by using 2 ,ug of oligo p(dT)12 18 or a synthetic oligonucleotide (FT2) as a primer. The reaction contained (per 50 ,ul) 60 U of RNasin, 140 mM KCl, 100 mM Tris hydrochloride (pH 8.3), 10 mM MgCl2, 5 mM dithiothreitol, 1 mM each of dATP, dCTP, dGTP, and dTTP, and 12 ,uCi of [a-32P]dGTP (Amersham Corp.). The RNAcDNA hybrids were phenol extracted and purified by chromatography through a Sephadex G-50 column. The second strand was synthesized by the RNase H-DNA polymerase I replacement method of Gubler and Hoffman (7, 12) . RNA-cDNA hybrid (2 jig) was incubated successively for 1 h at 12°C and for 1 h at 22°C in a 150-pl reaction containing 20 mM Tris hydrochloride (pH, 7.5), 10 mM (NH4)2SO4, 6 mM MgCl2, 100 mM KCl, 300 ,uM each of dATP, dCTP, dGTP, and dTTP, 150 jiM PNAD, 3.5 U of RNase H, and 100 U of DNA pol I. Double-stranded cDNA was extracted with phenol-chloroform and size selected on a Biogel A-50 column. The fractions containing the largest cDNA were collected and ethanol precipitated.
Cloning of cDNA. Homopolymeric tails of 15 to 20 dCMP residues were added to the cDNA with 20 U of terminal deoxynucleotidyl transferase (Amersham) in a 50-,ul reaction containing 500 ng of cDNA, 2.5 jiM dCTP, and the cobalt buffer of the manufacturer. The mixture was incubated at 30°C for 5 min. The reaction was stopped by raising the EDTA concentration to 20 mM. The cDNA was extracted with phenol-chloroform and ethanol precipitated. Doublestranded dC-tailed cDNA (350 ng) was annealed to 700 ng of PstI-cut dG-tailed pBR322 DNA in a 50-pul reaction containing 100 mM NaCl, 10 mM Tris hydrochloride (pH 7.5), and 1 mM EDTA. The mixture was heated for 10 min at 65°C and slowly cooled to room temperature.
The annealed DNA was used to transform competent Escherichia coli DH-5 as described by Hanahan (8) .
Analysis of cDNA clones. Ampicillin-resistant clones were analyzed by restriction enzyme mapping. Clones (8) .
Sequencing. The PstI-EcoRI fragment containing the first 300 nucleotides of the 5' end of clone pGD9 was subcloned in Bluescript. Plasmids were sequenced with the Klenow fragment of DNA pol I by using the specific Bluescript primers KS and SK (Stratagene).
In vitro transcription. Plasmid pTMGDVII was linearized with XhoI, treated with proteinase K, extracted with phenolchloroform and precipitated with ethanol. RNA transcription was performed with T7 RNA polymerase (Stratagene) in a reaction mixture containing 40 mM Tris hydrochloride (pH 8), 10 mM MgCl2, 2 mM spermidine, 50 mM NaCl, 10 mM dithiothreitol, 0.4 mM each of ATP, CTP, UTP, and GTP, 100 U of RNasin, 4 Fig. 1 .
Clone pBT4, which contains the 3' exti genome, was described previously (13 (14) (Fig. 1) . Of -17,000 colonies tested, 61 hybridized with FT1 under stringent conditions. The sequence of clone pGD9 showed that it contained the first nucleotide of the 5' extremity of the viral RNA.
Construction of full-length Theiler's virus cDNA. Three _// * overlapping clones (pGD9, pGD34, and pBT4) that covered the entire genome were chosen to reconstruct a full-length cDNA.
In order to eliminate the excess nucleotides left at the 5' end by the cloning procedure (dG-dC tail and polylinker), we 21 synthesized a linker which extended from viral nucleotide 1 ;0 to the ApaI site at nucleotide 9. It also contained a NsiI site, racranially with which would allow further trimming of the DNA if necessary 105 TCID50 (A) for infectivity, and a BamHI site for cloning. The linker was I-ID50 (D), and 4 ligated to the ApaI-SacI fragment of plasmid pGD9. The inoculated also ligation product was introduced into Bluescript (KS') to mortality curve produce plasmid pBS9 (Fig. 2) . The SacI-PstI insert ("1.6 lice were inocukb) of pBT4, containing the 3' extremity of the viral genome, 7 days did not was isolated and subcloned in Bluescript (SK+). The new plasmid was called pBS4 (Fig. 3) . The BamHI-SacI insert (4.0 kb) of pBS9 and the SacI-XhoI insert (1.6 kb) of pBS4 ion of GDVII were isolated (Fig. 3) The product of the three-fragment ligation, pTMGDVII ere inoculated (-2.5), contained the two extremities of the genome but ed saline conlacked an internal SacI-Sacl fragment of 2.5 kb. This fragviral antigens, ment was obtained by a partial SacI digestion of clone a with 20 ml of pGD34 and was introduced into the unique Sacl site of of cold parapTMGDVII(-2.5) (Fig. 3) . This final step yielded plasmid xation dissecpTMGDVII, which contained the T7 RNA polymerase proctioning were moter followed by a BamHI and a NsiI restriction site, the detection of entire cDNA of the GDVII genome, a dG-dC tail, a polyistry was perlinker, and the T3 RNA polymerase promoter. This plasmid y described (2) was amplified in DH-5 bacteria grown on solid agar medium. Additional residues at the 5' end of the RNA could have decreased its infectivity. The NsiI restriction site would have allowed us to construct a plasmid with the T7 promoter directly attached to Theiler's virus genome (17 Fig. 5 ).
To compare the phenotype of R1-GDVII with that of the original GDVII, mice were inoculated with both viruses. Animals developed acute encephalitis within 1 week. The mortality rate was a function of inoculum size (Fig. 4) Ri-GDVII was identical to the genuine GDVII virus. This infectious cDNA will allow us to produce recombinant viruses with the persistent strain (DA) to segregate and identify the genes responsible for persistence, demyelination, and cell tropism.
